The yield and quality of anise are considerably affected by many factors including climatic conditions (especially temperature and rainfall), genetic potential of the cultivar, and agronomic practices (Awad et al., 2005; Zheljazkov et al., 2008) . The temperature is the main determinant climatic factor, and clear and sunny weather conditions are required for high yield and quality in anise agriculture. Rapid weather changes in the ripening period result in anise seeds turning brown, and so seed quality is negatively affected (Satıbeşe et al., 1994) . İncekara (1971) stated that the essential oil content of anise seed varied between 1.5% and 6% depending on climatic conditions and cultivation practices. Research reported that delaying the sowing date resulted in decreased plant height and seed yield of anise (İpek et al., 2004; Al-Awak, 2010) . Maheshwari et al. (1989) reported that the seed yield of anise was higher in closer row spacing. Tunçtürk and Yıldırım (2006) reported that the number of branches and umbrels decreased with narrower sowing of anise. Meena et al. (2012) stated that sowing at 20 × 10 cm could be the optimum row space for higher productivity in anise.
In agriculture, heat units are often expressed as total temperature required during the growing period. In previous years, the growing stages of plants were expressed in terms of the number of ripening days, but recently this evaluation was changed to growing degree days (GDD). GDD are calculated by subtracting the base or threshold temperature from the daily average temperature (Berti and Johnson, 2008) . GDD are frequently used as a weatherbased indicator for assessing crop development. There are certain base temperatures for each plant species. Generally, base temperatures of 0 °C (Brussels sprouts, cabbage, parsley), 5 °C (peas, forages), and 10 °C (corn, soybeans, tomatoes) are considered appropriate for most agricultural crops (Edey, 1977) . The base temperature for anise is 4 °C (Cirera et al., 2006) . GDD are used to monitor the growing stage and compare the adaptation characteristics of plants. Summer annual flowers and fill seeds mature and die within a single growing season. Summer plants respond to climatic conditions, especially to photoperiod and temperature. Anise is a summer annual plant; therefore its growth and development are strongly dependent on temperature. Anise seed yield significantly decreased in late sowing due to high temperature and low humidity. Therefore, GDD or heat units in anise are important for the monitoring of crop growth and development. In addition, GDD in anise can be used to predict maturity dates of crops, select the variety, adjust sowing dates, and determine agronomic practices during the growing period (Cirera et al., 2006; Ulah, 2012) .
The productivity and quality characteristics of plants can be affected positively by adjusting the sowing date and agronomic practices. The quality of anise is determined mainly by its essential oil content and composition. The yield and quality of anise may vary noticeably depending on ecological conditions and agronomic practices. These parameters are determined under different environmental factors for higher yield and quality (Omidbaigi, 2000) . Therefore, the objective of the research was: 1) to test the influence of different sowing dates and row spaces on seed yield, essential oil content, and essential oil composition of anise, 2) to determine optimum sowing date and row space, and 3) to detect GDD of anise under the ecological conditions of Isparta.
Materials and methods

Experimental conditions
The experiment was conducted during the growing seasons of 2013 and 2014 under the Isparta ecological conditions of Turkey. Isparta province is located at 37°45ʹN, 30°33ʹE, and 1050 m altitude, with semiarid climatic characteristics and total annual precipitation of around 520 mm (mean of long years). In the study, anise population was obtained from Burdur Province, because there is currently no anise cultivar registered in Turkey.
The experiment was repeated on five sowing dates (15 March, 1 April, 15 April, 1 May, and 15 May) using three different row spaces (15, 20, and 25 cm) . However, the 15 May sowing date was not evaluated due to very poor growth. In the Göller region anise is generally sown at the end of March and April. In Isparta, the March temperatures are low (mean long year temperature value is 5.9 °C). Anise is sensitive to low temperatures (Ullah and Honermeier, 2013) . Therefore, in this research the April dates and earlier and later sowing dates were tested. The distance between rows was 10 cm. Sowing dates and row spaces were arranged according to a randomized complete block design by a split-plot arrangement with 3 replicates. Sowing dates were in the main plots, and the row spaces were in subplots split within the main plots.
Each plot length was 6 m and consisted of 6 rows. Seeds were sown at 1-2 cm depth using a dibbler. Nitrogen and phosphorus fertilizers were applied at a rate of 80 kg ha -1 and 30 kg ha -1 in the form of ammonium sulfate and P 2 O 4 , respectively (Meena et al., 2012) . The total quantity of phosphorus fertilizer was applied at the time of sowing. Total nitrogen fertilization was applied in two equal doses, at the time of sowing and at a plant height of 10-15 cm. In both years, the experiments were nonirrigated at all growing stages. All the necessary agricultural practices were applied identically to all plots.
Climatic data of the experimental area
Meteorological data for the growing seasons of the locations are shown in Table 1 . During the vegetation period (from March to the end of August) in 2013 and in 2014, there was total precipitation of 289.5 and 284.2 mm, average temperature of 20.6 and 19.7 °C, and an average humidity of 61.0% and 66.1% (Table 1) .
Soil structure
In the years 2013 and 2014, soil at a depth of 40 cm was low in organic matter (1.69% and 1.38%, respectively), in alkaline (pH 8.1 and 7.9, respectively), limey (10.79% and 9.62% CaCO 3 , respectively), and clay-loamy.
Yield and its components
Anise seeds were collected while they were turning brown to prevent poor seed; plants from four rows in the center of each plot were harvested manually. Seed yield (kg ha ), and thousand-seed weight (g), were determined.
Essential oils distillation
In order to determine the seed's essential oil content, 100 g of powdered anise samples in 0.5 L of water were extracted from each plant population by hydrodistillation for 3 h, using Clevenger apparatus for determining the oil content (v/w%).
GC-MS analysis
Gas chromatography-mass spectrometry (GC-MS) analysis of the oil samples was conducted with QP5050 GC-MS equipped with a Quadrapole detector. GC-MS analysis was employed under the following conditions: capillary column; CP-Wax 52 CB (50 m × 0.32 mm; film thickness = 0.25 µm); oven temperature program (60 °C increased to 220 °C at a rate of 2 °C/min and then kept at 220 °C for 10 min); total running time of 60 min; injector temperature of 240 °C; detector temperature of 250 °C; carrier gas; and helium at a flow rate of 20 mL/min. Identification of constituents was carried out with the help of retention times of standard substances by composition of mass spectra with the data given in the NIST library (Stein, 1990) . After anise products were obtained according to the methods described above, they were stored at 4 °C until GC-MS analysis. One microliter of essential oil diluted with n-hexane was injected into the GC-MS system. 2.7. Growing degree days GDD were calculated between emergence time and harvest date for each sowing date of anise. GDD were calculated with the following formula (Berti and Johnson, 2008) :
, where Tmax and Tmin are the maximum and minimum daily temperature, respectively, and Tbase is the base temperature at which the crop grows. Tbase for anise is 4 °C (Cirera et al., 2006) . Temperature data were collected daily from the Isparta meteorology station during the experimental period (Table 2 ). GDD were accumulated by adding each day's GDD contribution as the season progressed.
Statistical analysis
All the data were analyzed with analysis of variance (ANOVA) using the Jump 5.0 Statistical Package Program. The significant differences between the group means were separated using Duncan's test.
Results
Yield and its components
Seed yield, plant height, number of branches, umbel number per plant, and thousand-seed weight of anise are presented in Table 3 . Statistically significant differences were found between the two consecutive years in terms of seed yield, plant height, and the number of branches of anise; however, no such differences were found in the umbel number per plant or thousand-seed weight (Table 3 ). The seed yield (409.7 kg ha -1 ) of the second year was higher than that of the first year (336.3 kg ha -1 ) ( Table 3 ). The effects of sowing dates on the seed yield and examined yield components (except for the thousand-seed weight in the second year) were found to be statistically significant for both years. While the tallest plant height (43.5 and 50.1 cm, respectively) and the highest number of branches (8.6 and 9.1 branches per plant -1 , respectively) were determined on the 15 March sowing date, the highest umbel number per plant (10.1 and 10.6 umber plant -1 , respectively) and the highest seed yield (453.3 and 550.0 kg ha -1 , respectively) were obtained on the 1 April sowing date in both 2013 and 2014 (Table 3) .
The effects of row space on the seed yield and yield components were statistically significant for both years. The tallest plant height (34.8 and 39.1 cm, respectively), the highest number of branches (8.2 and 8.8 branches per plant -1 , respectively), the highest umbel number per plant (10.5 and 9.9 umbel per plant -1 , respectively), and the highest thousand-seed weight (3.48 and 3.53 g, respectively) were obtained from the 25-cm row space, and the highest seed yield (368.3 and 442.5 kg ha -1 , respectively) from the 20-cm row space in both years (Table 3) .
The effects of the sowing dates and row space interaction on seed yield, plant height, number of branches, and umbel number per plant were statistically significant in March climatic data were not given because GDD was calculated from emergence date to harvest time. *Data were obtained from the Isparta meteorology station. *, **: significant at P < 0.05 and P < 0.01 probability levels, respectively, ns: nonsignificant. Means in the same columns followed by the same letters are not significantly different statistically.
both years. No significant differences were detected for the thousand-seed weight in either year. The tallest plant height (48.5 and 54.3 cm, respectively) and the highest number of branches (10.9 and 11.3 branches plant (Table 3) .
Essential oil content and composition
The effects of the sowing dates, row space, and sowing dates and row space interaction on the essential oil content were statistically significant for both years. The essential oil content was found to be very similar with 0.82% in the first year and 0.84% in the second year (Table 3) .
The highest essential oil content (0.97% and 0.99%, respectively) was obtained from the 15 April sowing date in both 2013 and 2014. The 20-cm row space resulted in the highest essential oil content (0.87% and 0.86%, respectively) in both years. Amongst the interactions of sowing dates with row spaces, the highest essential oil content (1.08% and 1.03%) was determined in the 20-cm row space on the 15 April sowing date in 2013 and 2014 (Table 3) .
Anisole-p-allyl, caryophyllene, and trans-anethole were determined as the main components of the essential oil of anise. At sowing time, anisole-p-allyl, caryophyllene, and trans-anethole contents were 1.28%-1.80%, 1.00%-1.30%, and 96.95%-97.57%, respectively (Table 4) .
Growing degree days
Total GDD accumulation of anise from emergence date to harvest time according to sowing times is presented in Table 5 . Total GDD of anise varied significantly according to sowing dates. GDD were accumulated between 1413.5 and 1717.6 °C in 2013 and 1405.5 and 1686.1 °C in 2014 (Table 5 ).
Discussion
In general, mean seed yield and its examined components were higher in the second year than in the first year. These differences resulted from higher rainfall during the growing period of plants in the second year compared to the first year.
The seed yield and its components, including plant height, number of branches, and umbels per plant, decreased because of delayed sowing time in both years. Seed yield at the 15 March and 1 April sowing times increased by approximately 28.2%-80.9%, respectively, during 2013 and 25.8%-75.3%, respectively, during 2014 compared to the 15 April and 1 May sowing times. Delayed sowing times may lead to shortening the growing cycle due to warmer conditions and may reduce the formation of reproductive organs in the plants. The earlier sown crops are exposed to higher temperatures and day lengths compared to later sowing dates (Sadras et al., 2000) . The thousand-seed weight was not affected by sowing dates. Similarity, Ullah and Honermeier (2013) reported that the thousand-seed weight was not affected by sowing dates. According to these results, it can be said that anise is significantly affected by climatic factors (especially temperature). Table 3 shows that plant height, number of branches, and umbel number per plant were higher in early sowing in all row spacing practices. This effect could be attributed to the longer period of vegetative growth due to sum temperature and photoperiodic conditions (Ullah and Honermeier, 2013) . In addition, delayed sowing times shortened the development period of anise; therefore, plant length, number of umbels per plant, and seed yield were decreased (Zolleh et al., 2009; Mirshekari et al., 2011) . İpek et al. (2004) and Al-Awak (2010) found that the optimum or early sowing times resulted in higher seed yield and its components than late sowing dates because of higher plant height, number of branches, and umbels per plant. Sadeghi et al. (2009) reported that there was a positive correlation between seed yield and aboveground biomass. Another study showed that the highest seed yield and its components were obtained when anise was sown at the beginning of April, and delayed sowing significantly decreased these traits (Ullah and Honermeier, 2013) . On the other hand, Ullah (2012) found that higher fruit yield was obtained in delayed sowing dates compared to early sown anise plants.
In the present study, seed yield, plant height, number of branches, umbel number per plant, and thousandseed weight increased in wider row spacing in all sowing times. While the highest plant height, number of branches, umbel number per plant, and thousand-seed weight were determined at 25-cm row spacing, the highest seed yield was obtained from 20-cm row spacing due to the presence of higher plant population in the unit area. At the same time, differences in yield between 20-and 25-cm row spacing were not statistically significant. Plant height, number of branches, umbels, fruits per plant, and thousand-seed weight all decreased in 15-cm row spacing. Therefore, the seed yield was lower in 15-cm row spacing. The optimum sowing space favorably affects the absorption of nutrients and the exposure of the plant to light. Maheshwari et al. (1989) reported that the seed yield of anise increased with wider spacing. In another study, sowing of anise at 30-cm spacing resulted in higher yields compared to narrower and wider spacing (Randhawa et al., 1992) . Ullah and Honermeier (2013) found that the fruit yield of anise was reduced by increasing planting density. Yan et al. (2011) stated that narrow planting had a negative impact on the seed yield of anise. However, Tunçtürk and Yıldırım (2006) reported that yields and plant height increased with narrower sowing. These differences might be due to climatic characteristics and genotypes.
Essential oil content of anise was influenced by sowing dates and row spacing practices. Generally, the essential oil content increased with delayed sowing dates up to 15 April, and the sowing dates after 15 April resulted in decreased essential oil content of anise in both years. This result parallels the findings of Ullah and Honermeier (2013) and Al-Awak (2010) , who found that later sowing times resulted in higher essential oil content. In the present study, the highest essential oil content was 1.08%. In comparison to previous studies, the values of the present results are lower than the values reported: 2.66%-3.14% (Satıbeşe et al., 1994) , 1.3%-3.7% (Aslan et al., 2004 ), 1.5%-5.0% (Tabanca et al., 2005) , 2.4% (Özcan and Chalchat, 2006) , and 2.69%-3.30% (Ullah and Honermeier, 2013) . These differences might be due to various ecological conditions including air temperature, radiation, precipitation, and soil fertility, affecting the production of secondary metabolites of anise (Figueiredo et al., 2008) .
The essential oil content increased in the wider row spacing (20-and 25-cm) in all sowing times in both 2013 and 2014. The wider row spacing favorably affected the absorption of nutrients and plant exposure to light. Nevertheless, contrary to these findings, Ullah and Honermeier (2013) reported that different planting densities did not significantly affect the essential oil content.
The chemical composition rates of anise varied according to sowing times. Anise essential oil contains more than 95% trans-anethole (96.95%-97.57%) followed by anisole-p-allyl and caryophyllene. In previous studies, Aslan et al. (2004) stated that the main component of anise's essential oil was trans-anethole, and its ratio varied between 78.63% and 95.21%. The essential oil of anise is mainly composed of trans-anethole at around 90% (Tabanca et al., 2005) and 92.3%-93.3% (Ullah and Honermeier, 2013) . In comparison to previous studies, the values of the present results were higher than those reported by Rodrigues et al. (2003) , Aslan et al. (2004) , Tabanca et al. (2005) , and Ullah and Honermeier (2013) . These differences are probably due to climatic conditions, agronomic practices, genotype, and soil properties (Zheljazkov et al., 2008) .
The highest seed yield was obtained on the 15 March and 1 April sowing dates, and the total GDD of anise accumulated between 1435.6 and 1405.5 °C during 2013 and 1435.6 and 1405.5 °C during 2014, respectively. Total GDD of anise increased in the 15 April period in both years, but its seed yield did not increase. The germination, growth, flowering stages, and ripening periods of plants are determined as strongly by temperatures as by genetic factors. Maturity date of anise was extended depending on late sowing date and seed yield significant, and decreased due to high temperature. The results obtained from the present study indicated that GDD should be considered to adjust sowing dates and maturity periods of anise for higher yield. Cirera et al. (2006) reported that GDD accumulated until the umbel bud period of anise was 807 GDD.
Based on the results of the research we can conclude the following:
i) Under Isparta's ecological conditions, anise should be sown in 20-25 cm row spaces from 15 March to 1 April as optimum sowing dates and row space due to the higher seed yield. The yield and its components decreased by delaying sowing time in all row spaces.
ii) The essential oil content increased in the wider row spacing and delayed sowing times until 15 April.
iii) Anisole-p-allyl, caryophyllene, and trans-anethole were identified as major compounds of anise's essential oil on all sowing dates. iv) GDD were accumulated between 1405.5 and 1717.6 °C depending on sowing dates under Isparta's ecological conditions.
